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Cbapter 20 Magnetism

B = Flgv = (6.8 X 10-® N)/[(1.6 X 10 C}3.4 X 10° m/s)] = 125 T.
Direction is west.

F = qvB = mvir

v = grB/m = (1.6 X 10-® C)(8.45 X 10~ m)(1.4 T)/(1.67 X 10-Z kg) = 1.13 X 10° m/s.

E = mv¥2 = (1.67 X 107 kg)(1.13 X 10° m/s)¥/2 = 1.066 X 105 J X (1 eV/1.6 X 10" J)
= 6,66 keV.

Bgv = mv¥r. p =mv = qBr.

F = gqvB = mv¥r
v = grB/m

E, = my¥2 = migvB)" |18

2
idl B Rdiudl 22132
2[ 5 ] mq*r*B?2
So Ey is proportional to 72,

Ex = 6000 eV(1.6 X 10" JeV) = 9.6 X 106 ]

1 1
v = (2Eg/m)? = [2(9.6 X 107 J)/(5.11 X 10 kg))? = 4.59 X 107 m/s
qvB = mv¥r

m_\; = (9.11 X 10" kg)(4.59 X 10" m/s)/[(1.6 X 10" C)(0.0084 m)] = 3.11 X 102 T.

Time = 700 m/(200 mv/s) = 3.5 s.

F = qvB = (6.80 X 10° C)(200 m/s)(5.0 X 10 T) = 6.8 X 10" N
a=F/im= (6.8 X 101 N)/(4.70 X 10 kg) = 1.45 X 10-% m/s?

d = arf2 = (1.45 X 10-* m/s?)(3.5 s)¥2 = 8,86 X 10* m

Eq = qvB. But E = €/ Hence € = yB{

(a) Both positive and negative ions feel a force in the same direction.

(b) gE = gvB
v = E/B = (VId)B = V/dB = (0.10 X 10 V)/[(3.3 X 10 m)(0.70 T)] = 0.433 m/s.

Use Eq. 20-6.¢ = NIABJk.
So I, = 1,(B//B;) = (48 mA)(B,/0.9 B,) = 53.3 jA.
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180 Chapter 20  Physics: Principles with Applications

18. Use Eq. 20-6. ¢ = NIAB/k.
So I = Li(ky/k\) = (38 mA)(0.85 I)/I,) = 32,3 uA = 32 UA.

19. T=NAB. T,= T,0/L) = T,(90 I/I,) = 0.9 T,.

20. T =NIAB, B = T/NIA = (0.378 N-m)/[(1)(4.5 A)0.17 m)?] =291 T.

21. T = Fb sin a where « is angle between force and lever arm. F = JaB.
T =1IabB sin & = IAB sin . In this question 8 = 90 — . T = NIAB cos @ if N loops.

22. (a) T = NIAB cos 0, from Problem 21.
= (5)(25 A)n(0.26 m/2)X(6.1 X 10-5 T)cos(46°) = 2.81 X 10~ N-m.

(b) The North edge rises.
23. V =E/B and BqV = mV¥r. (g/m) = E[rB? = (200 V/m)/8 X 107 m)/(0.46 T)? = 1,18 X 105 C/

24. qvB = mvir
v = grB/m = (1.6 X 10-¥ C)(0.052 m)(0.465 T)/(1.67 X 107 kg) = 2.32 X 10% m/s.
qvB = gE, E = vB = (2.32 X 10% m/s)(0.465 T) = 1.08 X 10 V/m.
The E-field must be ndicul he magnetic field in lane of the circle.

25. Eq=qvB. v =E/B = (8.85 X 10®* V/m)/(4.5 X 107 T) = 1.97_X10° m/s.
qvB = mv?¥r
r=mv[gB = (9.11 X 10-* kg)(1.97 X 10¢ m/s)/[(1.6 X 10® C)(4.5 X 103 T)] = 249 mm.

26. mg = NeE. N = (3.3 X 10 kg)(9.8 m/s)/(1.6 X 107 C)/(340 V/10 m) = 5.94, i.e. 6 electrons.

1
27. mg = (A4n3)r’(p — p,)g = 6anrvr. Hence r = 3[nvi/(p — pgl>. Bul q = mg/E = 6 mnrvgd/V.
Substituting for r gives the desired result.
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‘Hence if 0 is deflection angle, 1an 8 = %l - [qu] [ 7 ] Iy

Chapter 20 Magnelism

] 1
v = (3 kT/m2. Firstly v = [(3 X 1.38 X 10-2 JK)(300 K)/(9.11 X 10-* kg)]? I= 1.17 X 10° m/s.

1
Secondly v = 1.17 X 10° m/s(2500 K/300 K)?> = 337 X 10° m/s.

Let £ be distance traveled in deflecting plates aligned in direction x.

1
2
v, = [qu—V] . v, alter deflection = ar = [Q—E—]—{ .
m mlv

x

T m | |2q8V) T 28V
Hence E = # tan 6.
Hence tan 0 = I Ci = (.48.
25 cm
Hence E = M)—(0 48) = 4 X 10° N/C
- 0.024 m - ’

It must of course reverse to sweep the other half of screen.

Let £ be distance traveled in deflecting plates aligned in direction x.

3

2
v, = [M] . v, after deflection = af = [g_v,_B] [-—t—]
m m | \|v,

. . . vy q_Bl _ _q z
Hence if 0 is deflection angle, lan 6 = Vi_ = Bt[bnAV]
11 cm 1
22 cm  [(2)(9.11 X 10-3! kg)(15 X 10° V) |2
= == 3 i
Hence B = 57028 m)[ T.6X10-° C LB X102 T

m = gBB’rIE, i.e. m is proportional 1o r. Thus m” = m(r’/r) = (76 u)21 cnv/22.8 cm) = 70 u.
Similarly 21.6 gives 72 v. 21.9 gives 73 u. 22.2 gives 74 u.

S _2EAm _ 2(2.48 X 10* V/m)(1.67 X 10-27 kg/u)(1u) _
The separation is 2Ar = BB A.6X 107 O)(0.75T)? =92 X104 m.

_ _2(bMmE) _ M . _ mD
D =2Ar = W—- 2[ m]r, 1.6, r = 2_Am

L _ (280106 u)(0.33X 10°m) _
- 2(0.0028 v) -

1.65 m.
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Chapter 20  Physics: Principles with Applications

F = qvB = mvYR. v = (gBR/m).

1
By conservation of energy v = (2 E/m)2 (2 qV/m)>. Hence 2 qV/m = ¢*B2RYm? and m = gBRY2V.

5o ol _ (4nX 107 T-m/A)3.8 A)
B=5w ™= 27(0.08 m) =230 10°T.

B = plf2nr. 1= (103 T)2 n)(0.3 m)/(dn X 107 T-m/A) = 1500 A.

_ 2X1077 T-m/A)(30 A)

= = 5
_ f _gqvB _ (BC)(1.6 m/s)(8 X 105 T) 5 )
G =Tn= = (0.3 k) = 3.41 X 10 m/s2,
48 X 1
_ Bl _ (2X 107 T-m/A)25 A) _ s
B=5m= o1 m) =5%X105T

The electron is trave]lmg at 45° to the wire. But, in Lhe plane of the wire and electron, the
due 1o the wire is L to plane, so v 1 B and sin 90° =
= qvB sin 0 = (1.6 X 107° C)(8.5 X 10° m/s)(5 X 10’5 T) = 680 X 1018 N.

(2X 107 T-m/A)20 A) _
(0.12 m)

s ‘2_‘_ =3.33 X 105 T. This points wesL.

045X 10°T . .
m N = 53,5 NQ![h of west.

The compass points W tan!

(a) If the currents are in the same direction, the fields oppose each other,

B = (] -20)
2nr
_(2x10- N(20-0n _ 5
B = 00T m =2 X 105%20 - N T.

(b) In opposite directions, B = 2 X 10520 + I) T.
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Chapter 20 Magnetism

41. - B First let us find B field produced by wire By,. It must be
: = south. Take components perpendicular to the resultant.
n2 By(sin 60°) = By sin 48°
! By =429 X 105 T.
‘ R
60"
Wire l,
X _______

By

Bwr2z _ (4.29 X 10°T) (0.1 m)

X107 T-m/Ay - 2b3-A and is down.

The current has magnitude

42, B=uoln=u01¥

43.

(02 T)(0.28 m)

@rX10-T-m/A) (B8 A) ~ 004 lums.

Hence N =

First consider constant current operation. B = pJN/L. Assume wire has cross section a X a and
length £ the fa? = V, volume of wire and is fixed. L = Na if wires are closely wound.

B = pgl/a so we need to make wires as thin as possible. Note N2mwr = ¢ = Vy/a?, so for fixed 7,
N increases as the inverse of square a, and the length of the solenoid Na increases like a as a gets
smaller.

(a) Taking Path 1, A¢ = 2nr, and total current is NI. IBA{ = Uylror, SO
B(2nR) = NI, so B = NI 2nr.

(b) Taking Path 2, net current cutting the circle is zero. So B = 0.

(c) No, the interior field is not uniform, as it depends on r.
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184 Chapter 20  Physics: Principles with Applications

45.

There is no current enclosed so we should get zero. If \ eld
lines remained vertical only 'ab' part of path integral wc
contribute.  As this is positive it could not sum to zero. Tne
curved lines give negative contributions from bc and da which
cancel properly the positive ab contribution.
. 0.12 +0.152-0.12
46. From figure, cos 6 = 2(0.15) (0.) = 0.75
7 E;
B, = (2 X107 T-m/A)(25 A) = 5% 105 T
0.1 m
7 .
B, = (2X107 T-m/A)25 A) =333 X 105 T
0.15 m

1
Hence resultant field is (B,> + B,> + 2B,B, cos 6)?

1
[(5 X 10° T)? + (3.33 X 107 T)? + 2(5 X 10° T)(3.33 X 105 T)(0.75))
182 X 105 T.

47. Take a loop inside the conductor as shown. Current enclosed I’ 1s
in proportion 1o the area. ‘I’ = I(rfrd). Ampere's law gives
1 2mB = ud’ = wl(rYrd). B = pjrf2mrgd.
48 F 1L, (80 m)}(2X 10-7 T-m/A)(35 A)? _

7 = Hogng Heoce F = 0.08m) st
The force is attractive.

a9, F_plily (7 X 10~4N/m)(0.08 m) _

1= oL (Z X 107 T- mAY9 Ay - LLA
I, in the same direction as force is attractive.

Hence, I, =
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Chapter 20 Magnetism

Forces F all have the same magnitude L
¢ 27l
2 7 N 2
lj _ Hol?  (2X10°T m/A)(3 A) = 6.67 X 10 N/m.

> 027 m)

Their directions are shown as in figure.

The forces on A are vertically yp and equal

2F cos 30° = 1,15 X 105 N/m,

The force on B makes an angle of 60° with BC and equals

2F cos 60° = 6.67 X 10 N/m.
The force on C similar.

@ @l& = Ml Thus 1, = (8.9 X 10° kg/m?)(m) (1.25 X 102 m)*0.15 m)(9.8 m/s?)

2nL -’ (2X 1077 T-m/A)(48 A)

= 6,69 X 10°® A in same direction as it is attractive.

(b) No. If we move it down force of support decreases.

(¢) Now I, = 6.69 X 10* N in opposite direction.

Yes, the equilibrivm is stable to vertical displacement.

_ (1.8 T)(0.36 m)
B = B = TE0ya@0 Ay

&
Ll

= 2.7 X 105 T-m/A.

-
]

qvB = (150 C)(280 m/s)(5.0 X 105 T) = 2.10 N.

2mAV
Blg’

2
(a) % = gAV. Bg = m_rv Hence r? =

(2)(6.7 X 10-27 kg)(1900 V) :

033 2.6 X105 Oy(gy| ~ 262-em

Hence r = [

b v = [248Y z _ [@)@)(1.6 x 10 C)(1900 V)
=Um )~ 6.7 X 102 kg

_2mr _ 2m(0.0262m) 7
T="=G26x 00wy - X 17s

1
2
] = 4,26 X 10° m/s.

F = I{B = mg = pAlg.

I = prd’g/AB = (8.9 X 10° kg/m*)(m)(2 X 10)%(9.8 m/sH/4/(5 X 105 T) = 5480 A.
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186 Chapter 20  Physics: Principles with Applications

5. (@F =ILXB
F =1ILB
_ _ AV (v —vy)
BlL-ma-mAt— =1,
Ift=0and v, = 0
V=BILl
—
(b) F = umg
Accelerating force in the presence of friction (BIL — wmg) = m__,v
BILt
Ve -
m

(c) Rod moves to the east.

1 1
57. (a) v = (2gAV/m)? = [(2)(1.6 X 10® C)(2 X 10° V)/(9.11 X 103 kg))Z = 2.65 X 107 m/s.
F =gvB = (1.6 X 10 C)(2.65 X 107 m/s)(5 X 1055 T) = 2.12 X 10 N,
Time to hit screen is (0.2 m)/(2.65 X 107 m/s) = 7.55 X 10~ s.
Deflection is at?/2 = (F/m)(¥H/2 = (2.12 X 10716 N)(7.55 X 10® s)(9.11 X 102 kg)/2
= 6.63 X 10° m or 6.63_ mm.

1 1
D, = D,(AV/JAV,)? = (6.63 mm)(2 kV/30 kV)? = 1,71 _mm.

58. Velocity perpendicular to magnetic field is (3.5 X 105 m/s)(sin 6°) = 3.66 X 10* m/s.

my _ (911 X 103 kg)(3.66 X 10° m/s)
= — = — = g .
Hence r = 32 = ~(0.33 D6 x 10 C) 631 x 107 m

(3.48 X 10° m/s)(2m)(6.315 X 1077 m)
3.66X 10* m/s

Piich = (3.5 X 10° m/s)(cos 6°)T =

Pitch = 3,77 X 105 m.

59. (a) The field must have the same period as the particle, 7.
But Bgv = mv¥r so 2ar/v) = T = 2nm/Bq. Hence f = /T = Bq/2nm.

(b) At each pass (two per revolution) energy gained is qV,. So 29V, is energy per revolution.
(c) v = rBg/m.
E =mvi2 = r'B:¢@2m = (2 m)*0.5 T)¥1.6 X 10*° C)?/2/(1.67 X 107 kg)
= 7.66 X 1012 1)/(1.6 X 10" J/eV) = 47.9 MeV.

(d) Energy increases when "push” is in phase with pass.



Chapter 20 Magnetism

60. (a) The maximum tension occurs when loop force is perpendicular

61.

to B field and torque is zero. The tension in each of two wires

connecting the sides 1is g

For aluminum shear sirength is (200 X 10° N/m?),

Hence we design [%] = 20 X 10® N/m? to allow a faclor

of 10 in safety.

ILB (30 A)(0.125 m)(2T) _

= 7 m2
A= 40 X 106 N/m2 ~— 40 X 106 N/m? = 1.875 X 107 m

2
Since A = M%, we get d = 4,89 X 10+* m.

_pL_ @IX10°% Q-m)(0.]25mx 4) _
)R =2 = 18755 X 107 m? = QU2 O

Ny

2nrp _ 2m(0.75 m)(1.7 X 102 Q- m)

Resistance of one loop = A (2 X 109)2 = 0.02 Q

= Lo O0RY . _
k=F=1x100Ww=36%
(@) R ' er suppl a [282] _ 180 tums
a) For maximum power supply we need |55 = S

14 A
(b)]—ﬁ— 360 16.67 A
16.67 A .
Thus B = (4 X 107 T'm/A)(ISO) [—l"'sT} =251 X 102 T.

(¢) No. If we use more turns but keep V constant J drops, ie. if we double turns R doubles, but 7
falls by a factor of 2. The magnetic field however remains the same because the turns increase to
compensate for decrease in J.

187



188

Chapter 21  Physics: Principles with Applications

Chapter 21

§ = —dg/dt = n(0.10 m)*0.6 T)/(0.10 S) = Q188 V

The coil will have a south magnetic pole induced as according to Lenz's law it tries to continue to
pull the flux in. Thus a clockwise current is induced,

& = 2[25 — (-20)J(Wb)/(0.25 s) = 360 V

RT, Il, B l, i induced as if to oppose change in B, i.e. i counterclockwise.

(a) anticlockwise
(b) clockwise
(c) anticlockwise
(d) clockwise

(@) £ = [0.85 T - (-0.25 T))(%)(0.10 m)*(80 X 10- ) =43V

(b) clockwise

(a) & = B&v = (0.8 T)(0.12 m)(0.15 m/s) = 0,0144 V.
(b) E = vB = (0.15 m/s)(0.8 T) = 0,120 V/m.

Viewed from the right the solenoid current is counter clockwise, i.e. the right end is an N-—pole. We
are therefore pulling an S—pole away from the loops. This change is opposed by an N-pole being
induced. This means a counter—clockwise current, i.e. down.

(@) & = B&v = (0.375 T)(0.24 m)(1.80 m/s) = 0,162 V.
(b) 7 = &R = (0.162 V)/(28.5 Q) = 5.68 mA.
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Chapter 21 Electromagnetic Induction and Faraday's Law; AC Circuits

& = (8.65 X 1072 T/s)(30)(x)(0.175 m)? = 2.50 X 102 V.,
R = pfA = (1.68 X 10® Q-m)(30)(27m)(0.175 m)/(m)/(1.4 X 10 m)? = 0.090 Q.
(@1 = V/R = 271 mA.

(b) Power = IV = 6,93 X 103 W,

Mechanically P = Fv = (I{B)v. I = &R and & = Bév therefore P = BX2VYR.
Electrically P = V¥R = &R = B*VYR.

Length of loop in circuit at any time is £ + 2vi. R = p(€ + 2vi)/A. & = Biv.
I = &R = ABWI(L + 2vi)p.

& = (1)(0.09 m)¥0.85 T)/At.
Q = IM = EAYR = (m)(0.09 m)%(0.85 T)(m)(0.875 X 10%)%(1.68 X 10* Q-m)/(2m)/(0.09 m) = 548 C.

£, = &(wjo) = (12 V)(1800 rev/min)/(800 rev/min). No need to change rev/min to rad/s.
& =27 V.

£, = NAB® = (125)(0.055 m)¥0.400 T)(2m)(120 rev/s) = 114 V.

1
£ = NABw sin wt = &, sin wr. Thus &, = &/(2)%

B = (2)% (Eimd/(NA®) = (2)%(220 V)/(200)/(0.3 m)*(2 m)/(60 rev/s) = 0.046 T.
o = EJNAB = (120 V)/(300)/(0.25 m)¥(0.55 T). Hence f = wf2m = 1.85 rev/s.
Counter emf = 120 V — IR = 120 V — (8.70 A)(3.40 Q) = 904 V.

& = &(flf,) = (80 V)(2500/1800) = 111 V = 1.1 X 102 V.,
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190 Chapter 21  Physics: Principles with Applications

21. The counter emf is proportional to the speed, i.e. here it is (108 VY2 =54V,
=VIR = (120 V - 54 V)/(5 Q) = 132 A.

2. a) 0602 66
50
50
105 V at full speed at start up
115V ' ,
115V

B R = RR/RR, + R,) = 4.65 Q. Initially V = 115 V, I = (115 V)/(4.65 Q) =247 A,

(c) Current through field coils is (115 V/66 Q) = 1.74 A.
Current through armature is (10 V)/(5 Q) = 2.0 A. Total current is 3.74 A.

23. N, = N(V,JV) = (9000)(120 V/15000 V) = 72 tums,

24. V,=V,N/N) = V,(110/280) = 0.393 V,, i.e. a_step down transformer.

25. Power is conserved. (80 V)(I,) = (220 V)(1). I, = 0364 I,

26. We need VJ/V, = (12 X 10° V)/(220 V) = 55. Thus N/N, = 55,
If connected backwards it would step down to 4.0 V.

27. V, = V(N/N,) = (120 V)(150/1000) = 18 V. 1, = (LV)IV, (8.0 A)(18 V)/(120 V) = 1,20 A.

28. (a) I, = (40 WY25 V) =16 A. As L<Il,V, > V,, i.e. step up transformer.

() VJV, = IJI, = (15/1.60) = 9.4.

29. (@) ] = (30 X 105 W)/(45 X 10° V) = 667 A. Hence £=45X 10° V + (667 A)4 Q) = 47,7 kV.

(b) Loss = PR = (667)%(4 Q) =178 X 105 W.
Total power = 1.78 X 10° W + 30 X 10° W = 31.8 X 105 W.
Hence fraction lost is (1.78 X 105 W)/(31.8 X 105 W) = 0.0559.
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Chapter 21 Electromagnetic Induction and Faraday's Law; AC Circuits

I=PyV. P, =TR, = PR

According to formula in previous problem power saved is
(50 X 10 W)2(0.200 ©Q)[1/(120 V)2 — 1/(1200 V)7 = 34 X 10* W.
But 2% of power is lost. So 1.375 X105 W — (0.02)(100 X 10° W) = 135.5 kW.

I = PV = (200 X 105 W)/(600 X 10° V) = 333.3 A.
Ry = Pyl = (0.02)(200 X 106 W)/(333.3 A)? = 36 Q.

A = pUR = (2.65 X 10 Q-m)(400 X 10° m)/(36 Q) = 2.94 X 10 m?.

This is cross sectional area for design of line.
& = (0.420 H)(15 X 103 A)/(0.250 s) = 0.0252 V.
L = uNA/ = (4n X 107 T-m/A)(1 X 109%(m)(0.016 m)%/(0.40 m) = 0.253 H.

L = MEAT = (27.0 X 102 )(8.50 V)59 X 10 A) = 3.89 H.

N = (LﬂpoA)]i = [(0.75 X 10 H)(0.09 m)/(4n X 107 T-m/A)/n/(0.005 m)z]% = 827.

Ny = Nunfi)? = (827)(10°) = 262.
Io = EAL = (75 V)2 X 107 $)/(0.3 H) = 0.50 A.

If we halve the diameter we double the number of turns and the length of the solenoid while the area
decreases by a factor or four.

But from example (21-8), L, = L{(NANDAJA)(G/E) = Ly(4)(1/4)(1/2) = L,/2.

Inductance is half,

& = (0.550 H)(4.50 Afs) = 248 V. Thus V = (248 V) + Ir = (248 V) + (8A)(3.00 Q) = 265 V.
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(a) By using Ampere's law, problem 20-44, we can show B = uNI/2xR.
But & = —ABANJA! = (UN*A2R)AI/AL. A the area of the torus cross section in mrz

Hence L = puNu%2R as required. The calculation assumes B is uniform in side the coil.
oot true. The field varies as R changes by +r or —r. However, as RYr this is negligible. If w
replace N/2zr by n in both formulas then it is reasonable lo assume that if we take some fractio
of a piece of the circular solenoid that contains fN coils then L = popnAg/Nn. Replace N by N
and n by N’/¢ and we have the formula for the straight solenoid where N” is number of turns ap

¢ is the length.

(b) L - (47 X 107 T-m/A)m(800)2(0.01 m)¥(0.60 m) = 421 x 10~ H.

(a) In series = dl\/dt = dl,Jdt = dl/ds. E=& +& =L, + L)dlfdl. L= L, +L,

(b) In parallel &L, + &L, = d(I, + I,)/d1

difds. 1L = 1L, + 1L,

(¢) In series two terms are added to E = E, + Mdljdt + E, + Mdl/dt. But I, = 1,
Hence L = L, + L, + 2 M. In parallel E = Lidljdt + Mdljdt. & = Lpdljdi + Mdl, [dr.
Defining E = Lldl\/dt + dl,/di] gives L = M - LL)2M - L, - L,).

B = uWJLl.  ABJAl = py(NJLYALJAL & = (NO(L)AAB/AL & = (MIN/OUAALAL.
Hence M = N,\N,u0A/¢,

Using the results of problem 42 with Ho replaced by p,
M = N\NjuA/t = (300)(1500)(3000)(dn X 10~ T-m/A)(0.02)27/(0.40 m) = 5.33 H.

(@) B, = (533 H)4 A)/(8 X 107 5) = 2.66 X 10° V.
(b) M = 533 H.

—AV = IR = Ldljdt. Hence (22.5 V) = (0.86 A)R + L(3.40 A/s) and
also 162 V = (0.7 A)R — L(1.80 A/S). Solving L = 046 H and R = 243 Q.

Energy = B?A{ 1o = (0.6 T(m)(0.01 m)0.2 m)/2/(4w X 10 T-m/A) = 9.00 J.

Energy = L2 = (0.04 H)(12 A)2 = 2.88 J.

Energy = (Volume)(Energy density)
= 4n(6.37 X 10° m)*(10 X 10° m)(0.5 X 10~ T)/(dn X 107 T-m/A)/2
= 505 X 108 J.
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(a) For electric field density is &FE2%/2 = (8.85 X 1012 C¥N-m2)(1(* V/m)%/2 = 4.42 X 10+ J/m3,
For magpetic field = BY2py, = 2T)¥2/(4x X 107 T-m/A) = 1,59 X 108 J.

(®) E = Blleq)? = Be = (2T)3 X 10* mfs) = 6 X 10° V/m.

If n time constants pass potential drops by e¢™ Hence we require n = -log 102 = 4.6 or about 5.

(AIJAt = &L = V/L. In one time constant at this rate J = (V/L)Ar = (VIL)(L/R) = V/R.

This is I, because in the steady state AI/At = 0 and Ohms law 7 = V/R obtains.

I=1,,01—-¢e%]
Let f = I/l ..
f=1-¢e"%
eVr=1-f
—-tit= 01 -1
t= -1 -5

(a) f = 0.90
t=2301

(b) f = 0.99
=461 71

(c) f=0.999
1=6911

@05=1-¢"%
evVr= 05
i/t = —n(0.5) = 0.693
T = (2.66 ms)/(0.693) = 3.84 ms

(b) T = LR
R =L/t = 350 mH/3.84 ms = 912 Q

(@) L = pyN?A/L If d is the thickness of the wire Nd = £
Hence N,/d, = N,(d,/2) = { and Nd, = { i.e. N, = 2N,. Hence L; = 4L,.

(b) Length of wire used is (2ar)N. Hence (4/6) = (NJN) = (1/2)
Area of wire (cross section) is proportional to d2.
Hence A,/A, = (1/4). R/R, = (&/4)(A/A) = 1/8.
(/1) = LA/L )RR = (1/4)(8) = 2.
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54. f= (2000 Q)/27/(0.3 H) = 1061 Hz.

55. Z = (127C). f= 1/@m/(7.20 X 106 F)/300 Q) = 73,7 Hz.

16K

2(Q)

0
0 500 1000
f(Hz)

57.
63

7))

0.63

100 10,000
f(Hz)

58. Z = (2mfL) = (2m)(8.5 X 10°(100 X 10-* H) = 5340 Q.
)}

m = Via/Z = (400 V)/(5340 Q) = 74.9 mA.

59. Z=VI= (120 V)/(30 A). L = Z2nf = (4.00 Q)/(27)/(60 Hz) = 10.6 mH

60. Z = (I27fC) = 1/2m)/0.03 X10° F)/(700 Hz) = X 10° Q.

L =@} I = X2 X 10° V)/(7.58 X 10° Q) = 0373 A.
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62.

63.

65.
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I.=V/Z. Iy =V/R. Thus IJ{J.  + Ix) = 1/(1 + 1/2nfCR).
(a) Percent current is (100)/{1 + 1/27/(0.6 X 10-¢ F)/(300 ©)/(60 Hz)] = 6.35%.

(b) Percent is (100)/[1 + 1/27/(0.6 X 10~ F)/(300 /(60,000 Hz)] = 98.5%.

1 1
(a) Impedance of circuit is [(1/277C)? + R? = [(1/27/(60 Hz)/(2 X 106 F))2 + (500 Q)2 = 1417 Q.
Voltage drop across R is (500 €)(50 mV)/(1417 Q) = 17.63 mV.

(b) Z = [(1/27/(60,000 Hz)/2 X 10 F))® + (500 9)2]% = 500.0088 €.

Voltage drop across R is (500 ©)(50 mV)/(500.0088 ) = 49,9998 mV.
So capacitor is effective at eliminating 60 Hz signal.

(a) Z = [(1000 ©)* + (12n/(60 Hz)/(2 X 10°¢ ]3))2]li = 1661 Q.

(b) Z = [(1000 ©)* + (127/(2 X 10* Hz)/(2 X 106 F))ZJ% = 1000.008 Q.

(@ Z = [(20,000 ) + ((0.30 H)2m)(60 H)E = 20.0 kQ.

o=

() Z = [(20,000 Q) + ((0.30 H)2n)(3 X10* Hz))?]> = 60.0 kQ.

Z = (120 V)/(70 X 103 A) = 1.71 kQ.

Z = [(8.7 X 10° Q)? +(127/(60 Hz)/(0.7 X 10'6F))2]% = 9.49 X 10° Q.
@) Iy = Vo/Z = (120 V)/(9.49 X 1(° Q) = 12,6 mA.

(b) ¢ = —arcos (R/Z) = = 23,5°.

)P =1V, cos ¢ =139 W,

(d) For R, V = (12.6 mA)(8.7 X 10° Q) = 110 V.
For C, V = (12.6 mA)/(60 Hz)/(2n)/(0.7 X 10¢ F) = 479 V.
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67. X, = (2mL) = 2n)(60 Hz)(600 X 10° H) = 226 Q. Z = [R? + 2% = 1221 Q.
(@) I, = (120 V)/(1221 Q) = 983 mA.
(b) ¢ = arc cos (R/Z) = 10.7°.
(© P =14V, cos ¢ = 116 W.

(@) Ve = (983 X 10 A)(1200 ©) = 117.9 V and for L, V,,, = (0.0983 A)(226 Q) = 222 V.

68. Z = [(2000 Q)2 + [(754/5)(3 X 10 H) — 1/(754/$)/(8 X 10 B2 = 2007 Q.

Here we have used o = ff2n = 754/s. 1. = (3.5 V)/2007 Q)/(Z)% = 1.23 mA.
Power = (me)(]rml)(R/Z) . MX 1 3 &

6. Z=(7 2+ [(2m)(60 Hz)(60 X 10° H) — 1/2m)/(60 Hz)/(300 X 106 B2
= [(7 9% + (138 QP = 155 Q.
(@) Ly = (55 V)/(15.5 Q) = 3.56 A.
(b) ¢ = arc cos (R/Z) = 63.1°.
(c) P = (3.56 A)(55 V) cos 63.1° = 88.7 W.

1
0. Z=[(@41X10° QP + [(2m)(3 X 10° Hz)(8 X 103 H) — 1/2n/3 X 10° Hz)/(3000 X 102 F)J2j2

1
= [(4.1 X 10° Q) + (-17533 Q)2 = 18006 .
¢ = arc sin (-17533/18006) = — 76.8°. 1. = (800 V)/(1.80 X 10* Q) = 44.4 mA.

Mn. R=(2- X’)% = [(35) - (30)2]% Q=180 Q.

72. Vg is always in phasse with the instantaneous current. Its magnitude is equal to IR = IR cos ax.
Vy. is 90° ahead of the current, or /2 in radians. VL = IXy cos (¢ + mf2) = I, cos (X + 7/2).
Ve = IyaC cos (¢ ~ mf2) because it is 90° behind.

73. 47LC = (4nH(70 X 10 H)(1200 X 1072 F) = £2. Hence [ = 549 kHz.
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(a) 4n2LC = f? for resonance. Hence L = (550 X 10° Hz)2/4/n%(2500 X 102 F) = 3,35 X 10-° H.
Hence for 1600 kHz C = (1600 X 103 Hz)%4/n%(3.35 X 10 H) = 295 pF.

()L = 335 X 105 H.

(a) C = (3.6 X 10° Hz)%4/n2/(3.6 X 102 H) = 0.543 pF.

(b) Z = R on resonance. I, = V/IR = (50 V)/(2 ©) = 25 A.

(@) f2 = 472LC. Hence f = 22,6 kHz.
(b) When Q = 0 = —Ldl/ds, I is maximum. Energy stored in inductance is LI%2 = QV/2 or V2C/2.
1 1
Hence I = V(C/L)? = (100 V)(660 X 102 F)¥/(75 X 103 H)) = 9.38 mA.

(©) E = V2C/2 = (100 V)¥(660 X 1072 F)22 = 3,3 X 10% .

H L
NN, = (ZJZ* = (30000/8)? = 61.2
R = (8}(8)/(8 + 8) = 4 Q. Connected to 4 Q output terminal.

(a) Yes because the flux through the loop was originally zero. It has now increased because an
N-pole has appeared outside it.

(b) Immediately.

(c) As soon as the current stops changing in the first coil.
(d) A N-pole is induced, so current is conmer—clockwise.
(e) Yes.

(f) The two induced N—poles face on another so force is repulsive.

£ = m(0.05 m)%(0.355 T)/(0.07 s) = 0.0398 V. This voliage acts for 0.07 s.
Energy = Power X time = (V¥R) = (0.0398 V)*0.07 s)/(6.60 Q) = 1.68 X10-% J.

£ = NA2BJAT. Q = IAt = EAYR = NA2B/R. Hence B = QR/2NA.
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82. (a) The voltage difference at the delivery end is
32 kV — IR - (0 + IR) = (32000 V - 2(800 A)(0.8 )) = 30720_V.
(b) Power input = IV = (800 A)(32000 V) = 2.56 X107 W.
(c) Power loss is (R + R) = 2(800 A)X(0.8 Q) = 1.024 X106 W.

(d) Power delivered is 7V delivered = (800)(30720 V) =246 X 107 W.

83. There must be a force of friction equal to 250 N on the drive wheel. The motor must exert a torque
equal to (250 N)(0.25 m) = 62.5 N-m.

(a) But 7 = NIAB, eq (20-6), hence 1 = (62.5 N-m)/(300)/(0.1 m)/(0.15 m)/(0.60 T) = 23,1 A.

(b) P = (250 N)(8.33 m/s) = 2083 W. This is power delivered.
Power wasled in armatures is 2R = 536 R.
Power drained from battery is (120 V)(23.1 A) = 2778 W.
Thus R = (2778 W — 2083 W)/(536 A?) = 1.296 Q.
Voltage across armature is IR = (23.1 A)(1.296 Q) = 30.0 V.
Thus back emf is (120 - 30.0)V = 90 V. We could have deduced this directly from the power
delivered if we knew that this was equal to (current drawn)(back emyf),
ie. back emf = (2083 W)/(23.1 A) = 90 V.

(c) Power wasted is 2778 W — 2083 W = 695 W.

(d) Efficiency = (2083 W)/(2778 W) = 0.750 or 75.0%.

84. cos ¢ = R/Z =0.866. Z = (120 V)/(6.4 A) = 1875 Q. R = 1624 Q.
¢ = —30° hence other element is a capacitance C = 1/2n/Z sin ¢ = 283 uF.

85. Z =R, ie 2rfL = 127fC, ie. C

1/(130 X102 H)/(2m)¥(2360 Hz)? = 3.50 X10* F.

86. XL = 27?14

|4 110 vV

I=)?L—=>l.2A= X, 91.67 Q

=X

91.67 = (2m)(60 Hz)L
L=024H
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1

2nfC’

1 1

= G~ @ax 18X 106 Hz)? X 220 X 102 F

L =355%Xx10"H
but L = pN?A/Length of wire

_ @Aax107T-m/A)N?2 X 7 X (0.55 X 103 m)?
- 12 m

~ (3.55% 10-7 H)(12 m)
" (@nx10-7 T-m/A)x(0.55 X 10 m)?

N = 1888.7 turns.

At resonance 2mfL =

L

3.55 X 107 H

N2

R = (36 V)25 A) = 144 Q. Z = (120 V)/(3.8 A) = 31.6 Q.

1
X, = (22 - RH? = 28.1 Q. = (27)(60 Hz)L. Hence L = 0,0745 H.

@1, =VufZ Vi=V.(RZ). Vc=V,J/oCZ But on resonance @w? = 1/LC or o = 1/(LC)17.
Hence V. = v,,,,,(L/o%/z. Hence Q = (Vo/Vp) = (L/C)%/R.
(b) 4mPLC = 1. Hence L = 253 yH.
Hence R = QI(L/C)% = 103[(2.53 10 H)/(0.01 X 10 F)]

(Sl

= 00159 Q.
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Chapter 22

L fo = &AAE/Ar = (8.85 X 102 F/m)(0.02 m)2.0 X 10° V/m-s) = 7,08 X 10-° A.

2. I = AQ/A1 = gAAE/AL. Hence AE/A! = (4.0 A)/(8.85 X 102 F/m)/(0.01 m)? = 4,52 X 1015 V/m-g.

3. From eq(22-1), (B2m) = 0+ peAGE/AQ/A! = pAQ/AL,
Hence B = (47 X 107 T-m/A)(25 X 102 C/s)/2n/(0.12 m) = 417 X 10 T.

4. From section 22-2.

1D=30A§—‘;5me=V/d.

Ip = gA A(‘A/{d), for constant d
I, = LA AV AV
T d Al T “ar

5. For r < R, eq (22-1) gives B2nr = HoEAQE/AL = Hoesnr?AE/AL as I = 0 and
¢y = AE = m’E assuming E uniform. B = MoErAE/AL2. If r 2 R, E is zero outside capacitor
(approximately) then ¢ = nR?E and B = HoEoRZAE[Atfr/2.

6. B = Efc = (045 X 10 Y/m)/(3.0 X 10® m/s) = 1,5 X 1013 T.

7. En =By = (3 X10° m/s)(7.75 X 10® T) = 2.33_V/m. f = 80.0 kHz.
E field is horizontal N-S.

8. A=cf=(3 X 10° m/s)/(12.25 X 10° Hz) = 0.0245 m.

9. f=(3 X 10® m/s)/(0.025 m) = 1,20 X 10" Hz.

10.  For the sound to reach the balcony takes dfv = (50 m)/[331 m/s + (0.6 m/s- °C)(20 °C)] = 0.146 s.
For the electrical signal to reach the radio takes (3 X 10° m)/(3 X 108 m/s) = 0.01 s. Person by =ig

hears 0.136 s sooner.



